Introduction
Conventional X-ray topography of nickel crystals has been seriously restricted by the lack of perfection in commercially grown crystals, but in several cases individual groups have succeeded in growing almost perfect single crystals of variable size and quality.
De Blois [1] and Chikaura, Fukumori, and Nagakura [2] grew platelike crystals (10 and 50 p.m thick, respectively, prepared by chemical reduction of nickel bromide) which the latter authors reported too thin to show good X-ray dynamical contrast of magnetic domain walls. Alex, Tikhonov, and Brümmer [3] , using a textured induced secondary recrystallization and strain anneal process, produced thicker (111) nickel crystals from which [110] , [011] and [101] Bloch walls were observed in conventional X-ray (CuKa) 022-topographs. More recently Kuriyama, Boettinger, and Burdette [4] succeeded in growing highly perfect (Czochralski grown) nickel crystal boules, with growth directions along [211] , [311] or close to [111] , which were eventually sliced into (110) discs (0.4 to 0.6 mm thick) using an acid saw.
111-X-ray diffraction (CuKa-transmission) topographs of these specimens by Kuriyama, Boettinger, and Burdette [5] , using an asymmetric (double) crystal topographic (ACT) camera (Kuriyama, Early, and Burdette [6] , Boettinger, Burdette, Kuriyama, and Green [7] ) revealed 70.53° and 109.47° magnetic domain walls whose surface traces were along [110] and [001] . Additional [111] alternate darkgrey band structure ^ 500 [xm in width was also observed by Kuriyama, Boettinger and Burdette [8] . Comparison with similar band structure observed in Bragg reflection topographs of the opposite (entrance) crystal surface indicated that the bands were 70.53° domain walls oblique to the surface extending through the entire thickness of the crystal [5] .
In other ACT Ill-transmission topographs a line structure of (101) planar defects was observed by Boettinger, Burdette, and Kuriyama [9] which was dark in the direct O-beam and white in the diffracted H-beam [5] . Further, when the crystal was magnetized along a [111] (easy magnetization) direction using a rather strong magnetic field of #=23900 A/m, all types of domain contrast disappeared. They reappeared when the field was removed.
The purpose of this paper is to give a preliminary report of alternative domain movement and creation in a perfect nickel crystal in addition to those observations reported in [5, 8, 9] . In this experiment, a relatively small [110] magnetic field (0 to 425 A/m) is applied to the crystal surface. Optimum domain contrast in this case is observed in Laue (back reflection) topographs by rotating the crystal 25° about the [001] horizontal axis towards the white synchrotron radiation (S. R.) beam (HASYLAB, Hamburg).
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Domain Structure in Nickel
In contrast to the well known domain structure observed in Fe single crystal whiskers or Fe-Si alloy platelets by Bitter pattern, X-ray topography and following methods, those in nickel, prior to [2, 3, 5] , were restricted to surface Kerr magnetooptical and Lorentz or scanning electron microscope techniques. The latter results invariably refer to thin Ni-alloy films deposited on a glass or other substrate and exhibit non linear magnetic domain stripe structure associated with epitaxial (mismatch) surface stress. More recent experiments in this field are those of Schroeder and Kronmiiller [10] using Kerr magnetooptical and X-ray (Berg-Barrett) topography techniques, Schwellinger [11] using Lorentz microscopy and Kraan and Rekveldt [12] using neutron depolarization in bulk specimens.
As is well reported, nickel differs from iron in that it has a FCC structure with easy magnetization directions along the <111) cube diagonals, a relatively lower magnetic anisotropy energy density and relatively larger (negative) magnetostriction constants.
The <(111) easy magnetization axes define allowed (minimum energy) directions for the intensity of magnetization vector (M) after trans versing a domain wall. The remaining two properties imply that magnetic domains in nickel are quite sensitive to small changes in applied external magnetic fields or mechanical stresses.
Nickel domain boundary types have been summarized by Lilley [13] In this column each type of wall (70.53° or 109.47°) is preceded by its normal vector which is also the axis of magnetization vector rotation. This definition is used in the following paragraphs to define particular domain walls. Some of the above -(111) values are readjusted to those particular to this experiment.
Closure Domain 3Iodels
Consider a (110) nickel crystal with sides (110) and (001) respectively with M initially in the surface and directed along ab [ill] (Figure 1) . Fig. 1 c) is a second type of closed loop involving the rotation of M at <100), 70.53° domain walls which are energetically less favourable than the <110), 70.53° walls of Model I. In this loop M is successively rotated + a> -Til2 about <100) on traversing each wall for which we assume an arbitrary rotational energy of say one unit.
The As the electron beam energy in the storage ring at the time of the experiment was 3.3 GeV, the peak intensity of the emitted white spectral distribution was biased towards the longer X-ray wavelength region and (Laue pattern) back reflection topography was therefore employed.
From computer simulated Laue (gnomonic projection) patterns (Stephenson [14] ) it was seen that a strong 400-reflection could be obtained by rotating the crystal 25° about the [001] axis (see Figure 2 ). The operative wavelength forming this topograph is 166 pm (A/2 harmonic of the fundamental 200-reflection) which is very close to and on the low absorption side of the nickel K-shell edge (AK = 149 pm).
The resulting Laue pattern (back reflection) topographs, produced on a flat film (Kodak Type R, 100 X 100 mm 2 ) mounted perpendicular to the beam, showed good domain contrast in the 400-and to a lesser extent in the accompanying topographs. 
Crystal Perfection
In order to determine a degree of perfection of the nickel costal used in this experiment, Fig. 3 shows a comparison between two Laue (back reflection) S. R. topographs taken of i) a (110) nearly perfect nickel crystal* (400-topograph) and ii) a (100) commercial crystal (402-topograph).
In both cases a copper wire mesh was placed in front of the crystal and film and normal to the beam, to detect local crystal misorientations -a technique first introduced by Borrmann [15, 16] with calcite crystals. The (projected) image of the mesh is exactly reproduced in the perfect crystal topograph and in very distorted form in that of the (non perfect) commercial crystal. which contract in width and length at the higher field and in some cases disappear.
Domain Movement and Contrast
[lll]-spike (domains) are clearly visible in Figure lb .
The film was placed 50 mm in front of the crystal with S. R. conditions 3 GeV, 40 mA; film exposure time 40 s. Figure 5 shows a more complete series of 400-topographs recorded at different settings of the applied (hysteresis cycle) field. The topographs are mainly formed by an X-ray wavelength of 166 pm; S. R. conditions as in Figure 4 . Notice the absence of the "horizontal" domains directed along [001] possibly due to extinction contrast conditions (Polcarova and Kaczer [17] ) which in this case are
and
Mi and M2 being the magnetization vectors either side of the domain wall (see appendix). A preliminary analysis of the contrast observed in the 400-and 622-topographs, using models I and II, Fig. 1 , is given in Table 1 In this respect, an earlier report by Kuriyama et al. [5] indicated that of the many possible 180° domains theoretically present on the (110) surface (see Fig. la) , contrast may be possible from 180° domain walls oblique to the surface -it was assumed in this case that a significant local strain distribution existed near the wall-surface intersection. 180° domain walls perpendicular to the surface are well known to give no contrast under all diffraction conditions.
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